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Abstract 
Impedance and radiation characteristics of 2.45 GHz wearable antennas in close proximity to human body are discussed in this paper. 
Three circular microstrip antennas namely Flectron antenna, Zelt antenna and Shieldit antenna are considered in this research work. Each 
of these three antennas is assumed to be placed in the vicinity of human torso with an air gap of 1 mm between torso and antenna.  In this 
study, the human torso has been modeled as a lossy medium of fluid with permittivity and conductivity close to human torso at a 
frequency of 2.45 GHz. The results obtained indicate that the wearable antenna can provide required impedance and radiation 
characteristics even when it is placed in the vicinity of human body. 
Keywords: Wearable antenna, body-worn antenna, antenna in close proximity to human body, electro-textile antenna, WLAN antenna. 
Nomenclature 
S11 reflection co-efficient in dB   
Greek symbols 
r relative permittivity 
 conductivity (S/m) 
1. Introduction 
Wearable antennas are usually mounted in the vicinity of human torso or arm [1, 2]. Due to the presence of human body, 
which acts as a lossy medium, the performance characteristics of these wearable antennas are greatly degraded. A compact 
shorted patch antenna showing radiation efficiency of about 60% when operated in close proximity to a lossy medium has 
been discussed in [3]. A dual-loop patch antenna which showed much higher efficiency (approximately 90%) for wearable 
applications has been proposed in [4]. In their earlier work, the authors of the current manuscript had developed and tested 
few copper based and fully fabric based circular wearable antennas in free space environment [5,6]. In this paper, the 
authors have compared the performance characteristics of three fully fabric wearable circular patch WLAN antennas in both 
free space environment and human body vicinity.  A similar study has already been carried out by the authors with copper 
based rectangular wearable antennas in [7]. Section II describes the geometry and design aspects of these wearable 
antennas, specifications of the lossy medium chosen and the modeling procedure. The simulation results obtained with all 
these antennas are presented in Section III along with brief discussions. Concluding remarks are given in Section IV. 
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2. Description of the Antennas and Lossy Medium and Simulation Procedure 
All three patch antennas are designed for WLAN band. Antenna 1 makes use of Flectron fabric material for all its 
conducting parts and Zelt conductive fabric material is used in antenna 2. In the case of third antenna, Flectron and Shieldit 
are the conductive fabrics used as ground plane and patch respectively. In all three cases of antennas, the dielectric material 
is assumed to be polyester fabric. The thickness of this polyester fabric material is taken as 2.85 mm in order to cover up the 
entire WLAN band. The loss tangent value of polyester is 0.01. These circular antennas are designed using the empirical 
formula given in [8]. The modeling of these antennas is performed using Finite Integration Technique based CST 
Microwave Studio  version 2010. The dimensions of the ground plane and the dielectric fabric material are taken as   120 
mm X 120 mm. Inset feeding technique has been used to excite the antenna. The patch dimensions are optimized to tune the 
antennas to the desired frequency. These antennas are kept at a distance of 1 mm from a lossy medium having permittivity 
and conductivity close to human torso or arm at 2.45 GHz. The air-layer thickness of 1 mm between wearable antenna and 
human tissue has been considered keeping in mind the practical body-worn applications. The human torso has been modeled 
as a lossy medium of fluid [4, 2] of relative permittivity ( r) 76 and conductivity  2.0 S/m considering the 4-cole-cole 
model [9] for computation of dielectric properties of human body tissues at RF and microwave frequencies. The dimensions 
of the lossy medium are taken as 250 mm X 250 mm. Its height is 25 mm, which is larger than the penetration depth of 
muscle tissue at 2.45 GHz [10]. Fig. 1 depicts the geometry of a wearable antenna in the vicinity of human torso tissue 
layer. 
  
Fig. 1. Circular wearable antenna in close proximity to tissue layer 
3. Results and Discussions 
3.1. Return Loss Characteristics 
Simulations are carried out over the frequency range of   2.0 GHz to 3.0 GHz with a frequency step size of 1 MHz for  
the antennas under consideration. Fig. 2 shows the simulated S11 plots of Flectron Bluetooth antenna (#1) both in free space 
and in vicinity of lossy medium. As depicted by the simulation results, this wearable antenna resonates at a frequency of 
2.452 GHz and exhibits a -10dB return loss bandwidth of 109 MHz in free space. When this antenna is kept in the vicinity 
of human torso tissue layer, it resonates at 2.457 GHz with an impedance bandwidth of 144 MHz. Fig. 3 corresponds to the 
simulated return loss characteristics of wearable WLAN antenna employing Zelt conductive fabric (# 2) in free space 
condition and proximity to human body condition. Fig. 3 reveals that the simulated values of resonant frequency and 
impedance bandwidth of Zelt antenna are 2.455 GHz and 80 MHz respectively in free space environment. In the vicinity of 
human body, this antenna resonates at 2.456 GHz and offers an -10 dB impedance bandwidth of 88 MHz. Fig. 4 depicts the 
return loss characteristics of  the Shieldit antenna in both free space and vicinity to human torso situations. This antenna, 
181 S. Sankaralingam et al. /  Procedia Engineering  64 ( 2013 )  179 – 184 
which resonates at 2.441 GHz in the free space set up, shifts its frequency to 2.485 GHz when it is mounted near human 
torso.  It is observed that the  bandwidth exhibited by this antenna also increases from 100 MHz to 190 MHz. 
 
Fig. 2 Reflection coefficient as a function of frequency for antenna 1 
 
Fig. 3 Reflection coefficient as a function of frequency for antenna 2 
 
Fig. 4 Reflection coefficient as a function of frequency for antenna 3 
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It has been observed that the resonant frequency of these antennas get shifted up when they are placed in close proximity 
to lossy medium. This phenomenon is due to the fact that the effective capacitance of the system decreases as the 
capacitance between patch and ground plane combines with that between ground plane and lossy medium. Because of the 
presence of lossy medium, the quality factor of the system gets reduced and therefore a marginal increase in impedance 
bandwidth has been noted 
3.2. Radiation  Characteristics  
The total radiation patterns of the antenna 1 in free space and in the vicinity of human body at the corresponding resonant 
frequencies are shown in figures 5. Figures 6 and 7 give the radiation patterns pertaining to antennas 2 and 3 respectively.   
The performance characteristics of these three antennas in both free space and in vicinity of human body are tabulated in 
Table 1. The gain of antenna 1 is 6.1 dB in free space mode and it reduces to 4.7 dB when the same antenna is placed near 
human torso. Similarly, its directivity reduces from 9.4 dB to 9.0 dB. It is also observed that there is an increase in 3 dB 
beamwidth of this antenna in both azimuth and elevation planes. Radiation efficiency of the antenna decreases marginally in 
close proximity to human torso.  The Zelt antenna (#2) and Shieldit antenna also exhibit the same kind of behavior in the 
vicinity of human torso.  
 
Table 1 Performance Characteristics of Wearable Circular Patch Antennas 
 
Performance 
Characteristics 
Flectron antenna (#1) Zelt antenna (#2) Shieldit  antenna (# 3) 
Free Space Lossy 
Medium 
Free Space Lossy 
Medium 
Free Space Lossy 
Medium 
Resonant Frequency (GHz) 2.452 2.457 2.455 2.456 2.441 2.485 
Impedance Bandwidth 
(MHz) 
109 144 80 88 100 190 
Gain (dB) 6.1 4.7 7.67 6.92 6.0 4.17 
Directivity  (dBi) 9.4 9.0 9.4 9.0 9.3 9.08 
3 dB Beamwidth in 
azimuth (deg) 
60.1 70.8 60.3 70.8 59.7 73.0 
3 dB Beamwidth in 
elevation (deg) 
69.9 72.9 69.9 72.9 69.9 69.6 
Radiation efficiency (%) 69 61 82.3 79.1 68 57.0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a)                                             (b) 
Fig. 5 Radiation pattern of Flectron antenna (#1) (a) free space (b) in the vicinity of human body (lossy medium)  
 
A marginal reduction in the efficiency of the antenna has been observed as the lossy medium absorbs some energy 
radiated from the wearable antenna. Also, the back scattering effect due to the lossy medium leads to non-uniform 
illumination of the effective aperture of the antenna and hence directivity decreases with a corresponding increase in the 3 
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dB beamwidth of the antenna. It has been understood that the gain of the antenna in the vicinity of lossy medium decreases 
as both its efficiency and directivity get reduced 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a)       (b) 
Fig. 6 Radiation pattern of Zelt  antenna (#2) (a) free space (b) in the vicinity of human body (lossy medium) 
 
 
  
 
(a) (b) 
 
 Fig. 7 Radiation pattern of Shieldit  antenna (#3) (a) free space (b) in the vicinity of human body (lossy medium) 
 
4. Conclusions 
These simulation studies reveal that wearable antennas can provide required impedance and radiation characteristics 
suitable for Bluetooth applications. This type of antenna also satisfies the requirements for body worn applications (BAN) 
when placed in close proximity to human body. Although there is a marginal shift in the resonant frequency with a slight 
decrease in gain yet this antenna fulfils the requirements for WLAN applications. Experimental verification of these 
simulation results are in progress and the authors would like to present those data in the conference. 
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